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ANPOLIES IN THE ASSESSMENT OF COrING PONER INM LABORATCRY ITSIS

Michael Pretor

Laboratory carbonisation tests such as the Plastometer (Gieseler,
Brabender, Sapozhnikov) Dilatometer (Audibert - Arnu, Ruhr) and Swelling
Index are designed to reveal the rheological behavicur of coking coals
under pwscrlbed' “"experimental condition". Tests such as the Gray-King
Coke Type, Roga Index and Caking Index (previously British Standard now
Indian Standard) are used to measure the caking (agglutinating) capacity of
coking ccals (also used under specified experimental conditions).

All of these tests have become more or less reliable tools of the
industrial technology in the "old world" endowed with coking coals of the
Carboniferous. Geographical popularity of certain tests have been
influenced by specific features of the indigenous cozl until the event of
giobal trade in raw materials and industrial "know-how".

ication of tests such as the Dilatometer or Gray-King Coke Type to
s of a different Genealogy invariably under rates the true coking
capacity. In the introduction process between seller and buyer success
will not be easy with mediocre results.

The purposs of this paper i5 to re-exzmine the "empirical®™ nature of some
ni thuse tests and highlight the potential fcr misleading conclusions.

The examples discussed all pertain to a single seam coal deponit in the
Southern Coal Fields of New South Wales, Australia, which is of gqreat
cormerciel significance to the local Steel Industry as well as to a number
of Exporters.
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> number of tests have been daeveloped to assess the behaviour of coals 1n
tne coking process, some of which have found acceptance only in countries
vhere they were developed, while others are being used in most parts of the
world.  Occasionally different values are reported for a sample of the same
ceal and the progress of introducing new coal to a prospective buyer is
nindered., More often the absolute differences are no;;%&ain concern,
but the interpretation put on the utilisatidr cense: ot #! the "other

than expected result".

w5 single test by itself is adequate to determine coking capacity; 2 suite
of tests are necessary to assess various aspects of the coal when evaluated

for coke making.

Cznerally, six sets of Laboratory indices are considered adequate in any

selection consideration, and these are;

1. Crugible swelling Index

2 Gray-Ring Coke Type or Roga Index
(Indian Caking Index)

3. Plastometric properties, most comamonly Gieseler, kut i1n certain
countries Saphozhnikov or Braberder.

4. Dilatometer characteristics by Audibert - Armu or Ruhr (also
British Standard).

5. Maceral Composition of the Coal

6. Reflectance of Vitrinite.

necause of the highly empirical navure of the first four tests and the
subjective  (individuslistic) nature of the fifth and sixth, some
experimentz] features of each are briefly reviewed.
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L Crucible Swelling Muzber (Index)

sy far the most popular test which is indicative of coking potential. It
iz a simple test and very rapid. However, test tesult ig highly sensitive
to the size distribution of the test porticn, rate of heating and final
temperature.  Laboratories equipped with high speed ring grinders for the
weparation of coke samples might prepare ccal samples in the same, and

obtzin values several units lower that the true result. In exploration
work such practice can be lead to the abandonment of a prospective coking

coal deposit.

L very scrious mis-interpretation of a lowwr than expectad Swelling Nantet
ie the acgumption that the coal sample has become oxidised and thus, lost
it's coking properties. Although Crucible Swelling Number is used as a
parameter in Classification Systems, for the abovementioned reasons it is
not. entirely dependable for assessing coking properties.

Buro-American coking c¢oals generally possess Swelling numbers of 7 or
higher, by contrast in Australian coke making coals with Swelling Numbers

Yelow 7 (to as low as 4) are the norm.

Table .1 and Graph 1 {llustrate the relationship between particle size
distribution of test portion and Crucible Swelling Number.

2. Gray-Ring Coke Typs/Roga Test Caking Index

Both {ests are wore complex and take longer to perform than the swelling
index and are also used as classcification parameters. The results from
Loth tests are believed to be more reliable because of greater control over
the heating conditions.

However, size distribution of the test portion needs to be controlled for
the previously mentiored reasons and testing is to be conducted on the same
day az the final stage preparation. The GACT test requires the addition of
measurcd amounts of Electrode Carbon for strongly swelling coals to
meintain the criginal volume of the coal and carbon mixture. values from A
to G and then G, to G , according to the mass of electrode carbon used.
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fvaluation of the GRCT results is highly subjective in terms of strenath
ard bardress as judged by the sound precduced when tapped on a hsrd wooden

surLace.

fwcause of the difficulties in the accurate identification and measurement
of "insrtinite" in Australian coking ccals and given the generally poor
values for the Bulll Seam Coal, experiments were conducted to make a
hiective assessment of the reliability of this test for coking coal

ceeT
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classification.

Tvo coal samples were carbonised in the prescribed manner with 10, 20, 30
arnd 40% electrode carbon. The resultant GKCT coke were visually evaluated
and then sliced into section suitable for Tensile Strength measurement
(Drazilian compression test) and bulk density determination,

Az illustrated by Table 2 and Graph 2, both cnal samples produce stronger
cokes with the addition of electrode carbon. In other words, although
cateyorized ac "Inert-rich" each in fact neecds 2additional inects for
maximum coke strength. It 15 also significant (and not unexpected} that
maxisum coke strength corresponds to the highest bulk density (minimum

sorosity). FMore akout this under Macerals and Hicroscopy.

e Plastic Properties

An measured by the Gieseler Plastometer are perhaps the wmost often
discussed for reasens of instrumsntal differences and suitability for the
detection of oxidation. KCC’s experience with the reasurement of
zlesticity (maximum fluidity) has been extensive on account of the large
sealed stockpiles that the comgany held in previous years. The long-term
preservation of coking properties is of utmost importance to all coking
coal producsrs.

In the course of building up long-term stockpiles (approximately 1,2
million tonne each) preventive and control measures wete instituted to
nonitor coking proparties. These included the periodic (3 months) sampling
and testing of samples from pre~determined positions, over a pericd of 18
montns. The early results were highly varlable in terms of Gieseler
fluidity in comparison with Crucible Swelling numbar for example,
sugeesting either oxidation or experimental error.
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Ca closer examination of the procedure it was recegnifed that the perlodic
re-saspling of the stockpile in close proximity of the previous sample
positions was distorting the results (i.e.; exposure of the localized atea
in the stockpile was responsible for the erratic results). Thcrefute &
wodified, more intensive - but further spaced sarpling programme was

cenducted which gave statistically acceptable results.
Table 4 and Graph 4 {llustrate the results,

It wight bke of interest to note the technique of sampling large
(zompacted) stockpiles, as shown in the slides. Dry lce (solid €O,) wue
mixed with the sampleg immediately and stored under refrigeration until the
time of testing., To validate the effectiveness of this procedure two sets
of samples were processed and stored under ambient conditions. Results are

5

shown in Table S.

£. Dilatation Test

Dilatcmeter determined indices have been the basis of coal bLlending in
Larope for many years and gained popularity elsewhere. the work of
Scientists in West Germany, Hollani, England and more recently Japan, arte
well known and yet this day the grind of the test sample is such that
certain coals will ba under estimated.

Tais test is also highly regatded by certain Recearch Centres fot

monitoring deterioration in coking properties.
/

IN the course of the earlier mentioned stockpile surveillance program, bulk
sarples of freshly washed and also stockpile coals were sutmitted for
evaluation including the Dilatometer derived “"oxidation resistance"

neediction,

tigure 5 illustrates the experimentally derived curve as well as the
calculated curve projecting the ambient temperature, natural (unprotected)
storage stability.
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7t. zhould be noted that a full range of analyses, {ncluding Prosimate,
Cltamate anclysis , Spacific Energy, Carbonisation tests (Swell, Glewelud
and Dilatation) were carried out for correlation purposes. pPilot-scale
carbonisation was also carried out on both stockpiled and freshly wasched

coal.

Ir.2 conclusions reached was that “there is no difterence between the fiesh
ana stockpiled coal", although there were some differences in the Swelling
nuchber and Dilatation.

ir2 most remarkable observation in this egvaluation was that the "coals with
anproximately 25% dilatation can replace coals with 25,77 and in pact even
127% dilatstion, without thic having any negative implications for the coke
strength", in blends with good coking propertiss.

Since that time all the 2.4 million tonne of stockpiled ccal had been

successfully coked by a number of Cokeworks for Steelmakers in different

countiies.

B Mzceral Camposition

peirogrophic  analysis, by counting the amount of wmictescopically
identifiable constituents and grouping into “reactive™ and  “ipert"
cateqgories is used to determine whether the coal has sufticient reactives
to provide the bonding to make strong coke.

Anzng the numerous methods of predicting the coking quality of a cual the
Schapiro-Gray system has acquired a wide following, both in :1t’s original
form or with some medifications,

cimilarly tc the carbonisaticn tests discussed, the method hes been

iz1led or Carboniferous coals and consistently underestimates Che coke
ciabilities of inertinite-rich coking coals of the Southern Hemisphere.
The main reasons for the erroneous predictions are an underestimation of
the contrilution to coke making of the maceral group inertinite.

ihe fcllcwing comments are based on the experimental wotk of Professo:
vivseel (Unlversity of Newcastle, Australia), using a number of coocals from

19
Gifferent countries, including the Bulli Seam from New Scuth Wales.
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the difficulty with the petrographic method is that some macerals are not
readily assigned to either the reactive or inert groups.

fing a#nalyses organised by the Internaticnal Committee for the Coal
pPotrography produced erroneous coke stability prediction when Southern
Hemisphere coals were involved. This has been the subject of Diessel'’s
investigetions and results pertaining to the Bulli Seam are shown in Figure

6 and 7.

It has been found that a suitable indicator cf reactivity of intertinite is
the degree of anisotropy (bi-reflecltance) after coking. Inertinite with a
pre-carbonication reflectance (PCR) of more than 1.8% R max vemains
isotrople during carbonisation. .

Tnertinite with less than 1.8% PCR becomes highly anisotropic on ccking and
zlso displays signs of sufficlent melting to ensure complete textural
integration and bonding. The experimentally determined amount of reactive
inertinite in this study was 43% which is considerably diffterent from the
traditional 1/3 of semifusinite allowed in the Schapiro—Gray method.

furthernore, even the unfused {nertinite is not altogether detrimental
because the presence of fine—grained inertinite which can be completely
webted by the molten coal during carbonisation, increases the wall
tnickness between degassing pores and thus adds strength to the coke. Such
fine-grained inertinite is recorded as "micrinite” and "inertodetrinite” in
naceral analysis, the maxismum particle sizes of which are 2um and 30m

respectively.

In order to predict realistic coke stability indices tor the bulll Seam Lhe
Schapiro—<Cray method can be used provided that a change is made to the
method of determining the proportion of reactive components, 1i.e.;
"rcactives” consist of:- (a) all vitrinite

(b) all exinite

(c) 43% of all inectinite, and

(d) 30% of all inertodetrinite plus nicrinite

Coke otabilities calculated by using these parameters and conventional
weihog are in Table 5, together with actual stabilities determined on 230kg
Pilot-oven cokes.




Putiographers not  fully  versed with the subtleties of  cerraln
ineitinite-rich coals could not undertake such modifications to their
veocedures, hence the systematic underestimates of ASTM stability of the

Bulli Seam.

6. Vvitrinite Reflectance

tial for the calculation of coke stability is the knowliedge of the
tank of coal, most popularly discussed in terms of reflectance
vitrinite, the predominant maceral) Small-scale coking tests (by Schepiro
and Gray) of mixtures of closely graded constituents (vitrinite of a nacrow
reflectance range) demonstrated that the strength of coke depends upon the
rarh  of  vitrinits, more precisely the reflectance distribution and

congonition balance index (inerts/reactives ratio).

(of

The basic system has been revised and modified by others, some prepesing a
simplified prediction method in which the rank parameter is represented by
mezn paxinun reflectance of vitrinite R max.

in Australian practice a distinction is made within the vitrinite group te
accommdate differences in gelification and/or reflectance between the

varinus members of that group.

Vitrinite-A consists of the higher reflecting and less gelified macerals

telinite and telocollinite.

a

Vitrinite-8 is highly gelified material, such as desmocollinite, and to a
v extent, gellocollinite and corpocollinite.

lesne

Suchsdiserimination is not practised by all Petrographers and theretore

congidarable differences have been reported in ICCP exercises.

In a case study (commissioned by ECC) it was found that macerdl coumpusition
considerable differ amongst the various particle sizes from over 19.0mm to
Lelow 0. Sma. These differences re particularly well displaysd by the
raceral groups Inertinite and Vitrinite which, from the coarsest to the
tnest size fraction reverse their ruespective percentages in the Bulli




for the high proportion of inertinite in the cocarge fraction is

of dull ad durable (Durain) coal. JIn centrast, the

vitrinite-rich bright portions of the ceal (Vitrain) arz brittle and thus

ntrate in the fines. However, Vitrinite-B (Desmornllinite) does not

CON.

contribute significantly to the increasse in total vitrinite.

Sinve Vitrinite-A has a higher reflectence than vVittinile-n, the
refle~tance valuss of A and B, measurcd in proportion to thel{r respective
frequencies, rise in the finer size fractions. iNhie 1ncreasc In Lhe
refleccance of Vitrinite-A in the finer size fractiens 15 dur lo the
telative smsllness of Vitrinite-A i{n the coarse lumps, compounded by it
bzing surrounded by colleidal democcllinite. The latter has absorbed
resincus bituminous substances which not only reduce it’s own reilectance

kit alze tend to affect the small inclusions of Vitrinite-a.

By contrast, ths high proportion of Vitrinite-A in the tiner slizes
originates in bright coal (vitrain bands), concentration of telocollinite
ami  talinite, relatively free of colloids which could lower their

raflectance.

]

Thus, 1if sampling and/or sample preparation is biased (duc ro siz
cregation) a most unexpected distortion in rark and rank related

rerties can occur.

The more systematic differences in reflectance values are due to
neusurements of "random" ar "average" reflectance with or without oil
irusvsion.  Such practices area all correct in thelr own right, however,
they hecome anomalous if the full experimental detaile are lost cr

@wds-translated.

O LUSTE

1o global trade in raw materials has accelerated the crvowth of {ndustrial
giants in the new-world. Increasing competition will demand hicher grade
rew materials which in turn will focus more critical attention on testing

nrocedures.
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naper has reviewed some aspects of the traditicnally wwil established

osonetines misunderstood procedures as te their intent, 11 no

e treioloy . Isportant tegte such as thz Ropper Expans:en test for the

n

of caribonisation pressure propensity hes be

~onsiderations of time.

o

pressuie in coke ovens especially the extra tall cvens {s of gredt
contan. Case histories of the sometimes tortuous paths that coal

expaorters travel in order to demonstrate the technical integrity ot their
products occasionally identify commercially significant features hitherto

unsrpreciated.

i an unexpected bonus came about during blendability trials at a steel
with very old coke ovens. High strength coke was sought with

mandatory low reactivity and of course large lump size.

Tne blerdi formulated necded to be high in rank with the commensurate low
vilatilz: matter, which caused understandable concern with regards  te
wossible wall damage. Pre-production trials to introduce a new coal into

tne existing blend demonstrated that not only had the new caal negligible

stbonisation pressure but it also possessed considerable capacity to coek

us the peak pressure of the original blend.

7 Call i DGEIENT

ire  data presented are extracts frem  Laboratory and iiler  scele
cermonisation studies conducted by Internationally recoghiscd heseazch

of thei: Export Macrket Development Program.
The expressed are those of the author and not nzcessarily KCCw.

Pormission to publish is gratefully acknowledged with spacial thanks for
Couvding of the namerous invectigations and case studies to clarify

socarlous interpretation of certain laboratory results.
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Effect of Tesi Portion
Size Distribution on the
sy Crucible Swelling Number
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Effect of Test Portion

Size Distribution on Dilatometer
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Figure 1: Uitrinite, Inertinite
and Mineral Matter Distribution
by Grain Size

Ref: C.F.K. Diessel, Jan 198&€&
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Figure 2: Vitrinite A and
Uitrinite B Distribution
by Grain Size

Ref: C.F.K. Diessel, Jan 198¢
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Figure 3: Reflectance of Uitrinite £
_and Vitrinite B Distribution
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